Abstract: An industry-government-academia joint study was conducted for three years (2008)(2009)(2010) to explore research focused towards pipeline technology for sustainable drinking water services (e-Pipe project). As a result, new estimating equations for the pipeline accident rate were proposed to calculate the age and type of the pipe and ground condition. These equations were prepared via results derived from questionnaire surveys (2004)(2005)(2006)(2007) that the Japan Water Research Center conducted for water supply utilities about leak accidents from pipelines. These equations have been widely used at sites for maintenance of pipeline utilities aiming toward leakage prevention. However, continuing investigations are required, as well as the validation of the accuracy of the estimating equations, as they were derived from water leak accident data consisting of only a four-year period. In this study, the aim was focused towards adding data from the questionnaire survey that focused on the water leak accidents that occurred in 2008 and 2009, and to recalculate the estimating equations for the pipeline accident rates proposed by the e-Pipe project.
Introduction
A multitude of pipelines were built during Japan's period of rapid economic growth (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) . By law, the useful lifetime designated for water pipes is 40 years. Therefore, the number of water pipes that are beginning to exceed their useful lifetime has been rapidly increasing recently. However, water supply utilities tend to be difficult in replacing old pipes because of the decreases in water demand that have occurred due to population declines and the popularization of water-saving devices. Therefore, pipeline renewal cannot keep up with the rapid aging of pipes over time. Suitable maintenance of long pipeline facilities may entail high costs and may require an intensive labor force. The improvement of NRW (Non-Revenue Water) requires optimum maintenance of the pipeline facilities. Research focused on the relationship between aging pipes and breakage of pipeline has been conducted in the past. In addition, rigorous survey data analyses have been conducted on accidents that have occurred [1] [2] [3] . In Japan, these data have been collected by each municipality over time, but the analysis of pipeline accidents within the whole country started recently.
An industry-government-academia joint study was conducted for three years (2008) (2009) (2010) to explore research focused towards pipeline technology for sustainable drinking water services (e-Pipe project) [4] . Consequently, new estimating equations for the pipeline accident rate were proposed to calculate the age and type of the pipe and ground condition. These equations were prepared via results derived from questionnaire surveys (2004) (2005) (2006) (2007) ) that the Japan Water Research Center conducted for water supply utilities about leak accidents from pipelines. This questionnaire was performed by 247 water utilities.
Examination of DIP Accident Rate Estimation Formula by Logistic Regression
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5679 cases of leakage accidents were reported in the survey. The estimating equations for the pipeline accident rate allowed a quantitative evaluation of the degree of risk of potential water leak accidents from aging processes. Equation (1) is an estimating equation for the accident rate of ductile iron pipes (DIP) of ⌀250 or less [4] . This equation has been widely used at sites for maintenance of pipeline utilities aiming for leakage prevention. However, a continuing investigations as well as the validation of the accuracy of the estimating equations are required because these equations were prepared based on water leak accident data derived from only a four-year period.
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(1) y (t)epipe : estimated pipeline accident rate (from the e-Pipe project), C: compensation coefficient due to soil conditions (low corrosiveness = 1.0 and high corrosiveness = 1.5), and t: the time elapsed since the pipeline was buried (years).
Overview of the Questionnaire for Water Leakage Accidents
In this study, the aim was to add the results from the questionnaire survey conducted about water leak accidents that occurred in 2008 and 2009, and to recalculate the estimating equations for pipeline accident rates proposed by the e-Pipe project. The questionnaire focused on water leakage accidents in the past. The data were used to analyze the aggregate results towards the causes of the accidents, the material of the pipe, the pipe diameter, and the number of elapsed years since the pipeline was buried. Data pertaining to accidents that were caused by pipe aging were extracted. The questionnaire surveys (2004) (2005) (2006) (2007) (2008) (2009) were completed by 479 water utilities, and the obtained leakage accident data sets retrieved a total of 48,484 cases. A total of 29,620 reports were obtained that indicated water leak accidents due to the process of aging. The remainder of the reports indicated that the breakdown caused by the type of pipes were 4,862 for DIP, 3,303 for cast iron pipes (CIP) 3,097 for steel pipes (SP), 1,145 for asbestos cement pipes (ACP), and 17,213 for polyvinyl chloride pipes (VP). An outline of the questionnaires is illustrated below: (1) However, the 20 day period following the Great East Japan Earthquake (March 11, 2011) was not included in this survey.
Aggregate results of the questionnaire are shown in Tables 1 and 2 . In Table 1 , the water leakage accidents that occurred during each elapsed year between fiscal year (FY) 2004 and 2009 have been organized. Many leakage accidents on the pipes were reported, all of which had an elapsed time of > 30 years. Table 2 shows the total extension of pipe line that was conducted in water supply utilities that were surveyed between FY 2004 and 2009. When comparing across the range of problem types, DIP accounted for 73% of the total. Table 3shows the accident rate occurrence by the cumulative number of years that have elapsed. It also shows that the pipeline accident rate increased rapidly when the elapsed time exceeded 30 years. Also, when comparing the accident rate in the different pipe types, the lowest rates were observed for DIP, in the order of CIP<SP<VP<ACP. Fig. 1 shows the summarized results of the pipeline length according to the cumulative years elapsed and the number of accidents per pipe type. These data were obtained from the results of the questionnaire survey about the water leak incidents (2004) (2005) (2006) (2007) (2008) (2009) . It shows that while DIP was used over the longest distance, the corresponding accidents rates were the lowest. CIP, 
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The scatter di ng the value ntifies the est q. (1) wal and have his study, we formula for or less, which accident rate n the derived ident Rate as assembled above. Fig. 3 in the e-pipe dy, a slightly sing Eq. (1 predict future accidents. This study is novel in that water utilities can now implement appropriate renewal planning and asset management of the pipeline facilities in the future. Questionnaire surveys will continue to evaluate pipeline accidents, clarify the relationship between water leak accidents and the age and material of pipes, and will analyze the proper renewal techniques for pipelines, aiming towards a reduction of water leakages.
